A Gram-stain-variable, rod-shaped, non-motile and endospore-forming bacterium, designated strain HZ1 The dominant respiratory quinone was MK-7 and the DNA G+C content was 40.1 mol%. The major fatty acids were anteiso-C 15 : 0 and iso-C 16 : 0 . The major polar lipids of strain HZ1 T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and several unknown lipids. The diagnostic diamino acid found in the cell-wall peptidoglycan was meso-diaminopimelic acid. Based on its phenotypic and chemotaxonomic characteristics and phylogenetic data, strain HZ1 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus ripae sp. nov. (type strain HZ1 T
T (94.4 %)
. Growth occurred at 15-42 8C (optimum 30-37 8C), pH 5.0-9.5 (optimum pH 7.0-8.0) and NaCl concentrations of up to 6.0 % (w/v) were tolerated (optimum 0.5 %). The dominant respiratory quinone was MK-7 and the DNA G+C content was 40.1 mol%. The major fatty acids were anteiso-C 15 : 0 and iso-C 16 : 0 . The major polar lipids of strain HZ1
T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and several unknown lipids. The diagnostic diamino acid found in the cell-wall peptidoglycan was meso-diaminopimelic acid. Based on its phenotypic and chemotaxonomic characteristics and phylogenetic data, strain HZ1 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus The genus Paenibacillus, belonging to the family Paenibacillaceae, was first proposed by Ash et al. (1993) as being distinct from the other members of the genus Bacillus.
At the time of writing, this genus comprises 165 species and four subspecies with validly published names (http:// www.bacterio.net/paenibacillus.html). Members of the genus Paenibacillus have been isolated from a wide variety of sources including forest soil (Li et al., 2014) , desert sand (Jeon et al., 2009) , estuarine wetland (Bae et al., 2010) , a paper mill (Kämpfer et al., 2012) , the sputum of a patient with pulmonary disease , surface-sterilized seeds of the garden pea (Šmerda et al., 2005) , a cold spring (Tang et al., 2011) , Antarctic sediment (Montes et al., 2004) , root nodules of Cicer arietinum (Carro et al., 2013) , duckweed (Kittiwongwattana & Thawai, 2015) and so on. Members of the genus are rod-shaped, Gram-positive or -negative staining with some displaying variable staining. Almost all of the species are positive for catalase. Oxidase activity is variable. The major cellular fatty acid is anteiso-C 15 : 0 acid and the major isoprenoid quinone is MK-7 (Shida et al., 1997) . The G+C content ranges from 39 to 54 mol% (Wang et al., 2012) .
During an investigation of urease-producing bacteria, a novel bacterial strain, designated HZ1 T , was isolated from a bank side soil sample (308 159 53.180 N 1208 29 43.249 55 E) in Hangzhou city, Zhejiang province, PR China. Soil samples were serially diluted and plated on modified urea agar (l 0.012 g phenol red, 0.2 g peptone, 20 g urea, 15 g agar; pH 6.8) at 30 8C for 2 days. Purified colonies of strain HZ1
T were obtained by repeated transfers of separated colonies onto new urea agar plates and they were maintained at 280 8C in tryptic soy broth (TSB) with 20 % glycerol (v/v). Routine cultivation of strain HZ1
T was performed on TSA at 30 8C. Paenibacillus agarexedens DSM 1327
T and Paenibacillus sputi KIT00200-70066-1 T , grown under identical conditions, were used as reference strains for fatty acid analysis and other phenotypic tests.
The reference strains, P. agarexedens DSM 1327 T and P. sputi KIT00200-70066-1 T , were grown under the same conditions as strain HZ1
T on TSA at 30 8C for 2 days. Cell and colony morphology were studied using a transmission electron microscope (TECNAI F30; FEI) using cells grown for 2 days at 30 8C on TSA and negatively stained with 1 % (v/v) phosphotungstic acid (pH 7.0). Salt tolerance was tested in TSB with the addition of 0-8 % (w/v) NaCl in increments of 0.5 %. The temperature range for growth was tested at 5, 10, 15, 20, 25, 30, 37, 40, 42, 45 and 50 8C on TSA medium. The pH range for growth was tested at pH 4.5-11.0 (at intervals of 0.5 pH unit) by using buffer systems according to Zhang et al. (2009) in TSB medium at 30 8C. Growth on MacConkey agar was performed at 30 8C for 7 days. The Gram reaction, motility, oxidase activity, catalase activity and spore morphology were tested as described by Dong & Cai (2001) . Additional biochemical features were determined with the use of API 20E, API 20NE, API 50CH and API ZYM systems (bioMérieux, France) according to the manufacturer's instructions. Carbon source utilization was tested using Gen III MicroPlates (Biolog), according to the manufacturer's instructions; results were recorded after 22 h at 33 8C. All experiments were performed more than twice.
Colonies of strain HZ1
T on TSA medium at 30 8C after 48 h were circular, cream and 1-2 mm in diameter. Cells of strain HZ1
T were Gram-variable, Gram reactions within 48 h were Gram-stain-positive; after 72 h cells were Gram-stainnegative, rod-shaped (0.8-1.5 mm in width and 2.5-4.0 mm in length) and non-motile (Fig. S1 , available in the online Supplementary Material), and oxidase-positive and catalasepositive. Ellipsoidal endospores were observed (Fig. S2) . Growth was observed in the temperature range 15-42 8C (optimum 30-37 8C) and at pH 5.0-9.5 (optimum pH 7.0-8.0). Strains grew in the presence of 0-6 % (w/v) NaCl [optimum 0.5 % (w/v) NaCl]. Compared with the reference strains, the novel strain was urease-positive and halotolerant. Strain HZ1
T could grow over a wider pH range and produce acid from glycerol and inositol; this contrasted with all the reference strains. Strain HZ1 T was negative for the hydrolysis of aesculin. The different physiological and biochemical characteristics of strain HZ1
T compared with the reference strains are listed in Table 1 .
The genomic DNA of strain HZ1
T was extracted using a commercial genomic DNA extraction kit (MOBIO) The G+C content of the genomic DNA was determined by following the method of Mesbah et al. (1989) . The G+C content of the genomic DNA of strain HZ1
T was 40.1 mol%, which falls into the range reported for members of the genus Paenibacillus (39-54 mol%) (Wang et al., 2012) .
The 16S rRNA gene sequence was PCR-amplified using two bacterial universal primers, 27F and 1492R, (Baker et al., 2003) . The 16S rRNA gene sequences of strain HZ1
T was compared with other sequences in the EzTaxon-e server (http:// www.ezbiocloud.net/eztaxon) and the related sequences were downloaded (Kim et al., 2012) . Phylogenetic trees were reconstructed by using the neighbour-joining (NJ) (Saitou & Nei, 1987) and minimum-evolution (ME) (Rzhetsky & Nei, 1992 ) methods in MEGA version 5.0 (Tamura et al., 2011) , with bootstrap values based on 1000 replications (Felsenstein, 1985) . The Jukes-Cantor model (Jukes & Cantor, 1969) was used for the calculation of phylogenetic distances. The length of the 16S rRNA sequence was 1522 bp after multiple alignments. High 16S rRNA gene sequence similarity was found between strain HZ1
T and P. agarexedens DSM 1327 T (94.4 %) and P. sputi KIT00200-70066-1 T (94.4 %). In the NJ phylogenetic tree ( Fig. 1 ) and the ME tree (Fig. S3) , strain HZ1
T formed a separate clade within the cluster containing P. agarexedens DSM 1327 T and P. sputi KIT00200-70066-1 T . Strain HZ1
T was determined to belong to the genus Paenibacillus as shown by the bootstrap support in Fig. 1 .
For cellular fatty acid profile analysis, cells of strain HZ1
T and the reference strains were grown on TSA plates at 30 8C for 48 h. The analysis was carried out using GLC (Agilent Technologies 6890), according to the instructions of the Microbial Identification System (MIDI), Sherlock version 6.0 (Kämpfer & Kroppenstedt, 1996; Sasser, 1990) . Cellular fatty acids were identified using the TSBA6 database of the MIDI system (Sasser, 1990) . For polar lipid analysis, cells of strain HZ1
T grown in TSB medium at 30 8C for 48 h were collected and lyophilized. Polar lipids were extracted and examined by TLC, according to the methods described by Minnikin et al. (1979) and Collins & Jones (1980) , and identified by spraying with phosphomolybdic acid. Isoprenoid quinones were extracted with a chloroform/methanol mixture (2 : 1; v/v). After filtering, evaporating under reduced pressure at a low temperature (36 8C), and dissolving in acetone, the menaquinone solution was identified by one dimensional TLC and analysed by HPLC (Waters), according to the method described by Collins et al. (1977) and Nakagawa & Yamasato (1993) . Cell walls from strain HZ1
T were prepared and analysis of diagnostic diamino acids was carried out using the methods described by Schleifer (1985) .
The results of the cellular fatty acid analysis of strain HZ1 T and the reference strains are given in Table 2 . The predominant fatty acids of strain HZ1
T were anteiso-C 15 : 0 , iso-C 16 : 0 . The presence of anteiso-C 15 : 0 as the major fatty acid was consistent with the previous report on the chemotaxonomic study of members of the genus Paenibacillus (Shida et al., 1997) . The differences between the fatty acid profiles of strain HZ1
T and the reference strains were found to be among minor constituents. The major polar lipids of strain HZ1
T were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE) (Fig. S4) . DPG, PG and PE were also found in the type species of the genus Paenibacillus (Kämpfer et al., 2006; Kittiwongwattana & Thawai, 2015) . The major menaquinone observed in strain HZ1
T was MK-7, which was identical to that of species of the genus Paenibacillus. Strain HZ1 T contained meso-diaminopimelic acid as the diagnostic diamino acid in the cell-wall peptidoglycan.
In the light of the chemotaxonomic characteristics, and the physiological, phylogenetic and phenotypic evidence, strain HZ1
T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus ripae sp. nov. is proposed.
Description of Paenibacillus ripae sp. nov.
Paenibacillus ripae (ri'pae. L. fem. gen. n. ripae of a river bank, referring to the isolation site of this strain)
Cells are Gram-variable, rod-shaped, 0.8-1.5 mm in width and 2.5-4.0 mm in length. Ellipsoidal spores are produced. Colonies on TSA medium at 30 uC for 48 h are circular, cream and 1-2 mm in diameter. Growth occurs on R2A agar, nutrient agar, NH 4 -YE agar and TSA, but not on MacConkey agar. Growth occurs in 0-6 % (w/v) NaCl (optimum 0.5 %), at pH 5.0-9.5 (optimum pH 7.0-8.0) and 15-42 uC (optimum 30-37 uC). Catalase-and 
30-37 35 25-37 pH range for growth (optimum) 5.0-9.5 (7.0-8.0) 5.0-7.0 (6.0) 6.0-9.0 (7.0) DNA G+C content (mol%) 40.1 47-49* 48.1* *Data for the reference strains were taken from Kim et al. (2010) and Uetanabaro et al. (2003) .
Paenibacillus ripae sp. nov.
oxidase-positive. Indole and H 2 S are not produced. VogesProskauer test is negative. Nitrate is not reduced. Negative for tests of aesculin, gelatin liquefaction, ferric citrate, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, b-galactosidase, but positive for urease. The following compounds are utilized as sole carbon sources in the Gen III MicroPlates: dextrin, cellobiose, sucrose, and phosphatidylethanolamine. Contains meso-diaminopimelic acid as the diagnostic diamino acid.
Strain HZ1
T (5CCTCC AB 2014276 T 5LMG 28639 T ) was isolated from a bank side soil sample in Hangzhou city, Zhejiang province, PR China. The DNA G+C content of the type strain is 40.1 mol%. 
